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TITLE - Method and Apparatus for Producing Biochips 
BACKGROUND OF THE INVENTION 
Field of Invention 

This invention relates to improvements in methods and apparatus 
for producing biochips, such as biomolecules , such as DNA, RNA;^ P^^o- 
tein and sugar chain molecules, which are arranged in arrays on 
a substrate. 

Description of the Prior Art 

The prior art can be understood by talcing DNA chips as an example. 
Generally, DNA chips are 1 to 10 cm^ in size and several thousand to 
several hundred thousand types of DNA segments are arranged within 
the area of such chips. One conventional method of producing the 
biochips comprises the steps of stamping and depositing a solution 
of DNA segments prepared by a polymerase chain reaction (henceforth 
referred herein as "PGR") onto a slide glass or silicon substrate 
using pins on an arrayer, or by synthesizing a large quantity of 
DNA segments at one time on a glass substrate using semiconductor 
techniques * 

FIG. 1 shows conventional method, wherein the tip of pin 1 is 
first dipped in a washing fluid contained in chamber 2, for cleaning 
the pin tip. Next, pin 1 is moved to a solution chamber 3 and dipped 
thereinto so that DNA segments are caused to adhere to the tip of 
pin 1. Finally, pin 1 is moved and pressed on a slide glass 4 to 
produce a DNA chip* 

The prior art methods are plagued with problems, such as, for 
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GxamplG : 

(1) The process of deposition of the DNA segments using a pin 
consumes a long length of time, and the quality of a stamped site 
(referred to hereinafter as "cell" or"spot" or "site") is not uni- 
form. Moreover, it is difficult to deposit only a small amount of 
DNA solution. Thus, waste becomes a factor. 

(2) The method of synthesizing a large quantity of DNA segments 
at one time on a glass substrate by using semiconductor techniques 
requires large scale factory equipment. Thus, cost becomes a large 
factor. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to overcome the 
aforementioned and other deficiencies and disadvantages of the 
prior art. 

Another object is to provide a method and apparatus for rapidly 
and easily mass produce biomolecular chips with uniform quality. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram depicting a prior art method of producing 
biochips . 

FIGS. 2(A) - 2(C) are views depicting a first illustrative em- 
bodiment of the method of the invention. 

FIG. 3 is a view depicting a second illustrative embodiment of 
the method of the invention. 

FIG^. 4 is a view depicting a third illustrative embodiment of 
the method of the invention. 

FIG. 5 is a view depicting a fourth illustrative embodiment of 
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the method of the invention. 

FIG, 6 is a view depicting a fifth illustrative embodiment of 
the method of the invention. 

FIG. 7 is a view depicting a sixth illustrative embodiment of 
the method of the invention. 

FIG. 8 is a view depicting a first illustrative embodiment of 
the apparatus of the invention. 

FIG. 9 is a view depicting entanglement of molecules on a 
substrate . 

FIGS. 10(A)-10{C) are views depicting a seventh illustrative 
embodiment of the method of the invention. 

FIG. 11 is a view depicting a second illustrative embodiment of 
the apparatus of the invention. 

FIG* 12 is a view depicting a third illustrative embodiment of 
the apparatus of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In FIG. 2(A)/ the DNA is amplified by a PGR method on a DNA chip 

11 serving as a mother substrate. Then, the DMA chip 11 is brought 
into direct contact with a copy substrate 12 and copied, as shown in 
FIG. 2(B), while concurrently maintaining the positional relationship 
of the sites. 

Next, another DNA amplification and transcription is performed in 
the same manner as described hereinabove by using the copy substrate 

12 as a mother substrate. This procedure is repeated as many times 
as desired to thereby produce a large number of replications in 
geometric progression, such as shown in FIG. 2(C). Alternatively, 
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it is possible to produce a large number of replications from a 
single mother substrate (i.e» DNA chip 11) alone by performing DNA 
amplification and transcription. The PGR may be applied with the 
mother substrate and copy substrate coupled together. 

Mass production of the DNA chips can be accomplished as follows. 
(Note that DNA chips are referred to as an example. RNA, protein, 
sugar chains and the like are also covered by the invention) A 
plurality of porous sites 14 , which may be sponge, for example, are 
attached to a mother substrate 13, as shown in FIG. 3, and soaked with 
a DNA solution. Then, pressure is applied and controlled to press the 
copy substrate onto the ipother substrate 13, with the pressure being 
suitably controlled so that the amount of DNA solution being trans- 
ferred in one transcription cycle is suitably regulated. It should 
be noted that the amount of DNA solution consumed by transcription 
on the mother substrate side is replenished by DNA amplification 
through the PGR. 

Alternatively, as shown in FIG. 4, the amount of DNA solution 
to be transcribed may be controlled by pressurizing or heating the 
backside of the mother substrate to squeeze the DNA solution out 
of the sites. 

Also, it is possible to shape the mother substrate 13 to be 
in an arched shaped, as shown in FIG. 5, and rotated so that the DNA 
is transcribed to a copy substrate 12. 

Moreover, as shown in FIG. 6, when applying PGR on the mother 
substrate 13, a separation wall may be formed between the sites, i.e. 

the DNA spots. Preferably, the separation wall 15 is made of a 
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material that can be removed mechanically or chemically using light 
or gas after the completion of the PGR. 

Furthermore, as shovn in FIG* 1, transcription may be performed 
by first filling the sites (vhich are made of porous base material) 
on a master substrate 16 with a DNA solution for PGR and transferring 
the solution to the mother substrate 13 by contact therebetween. 
Next, the DNA deposited on the mother substrate 13 is PGR amplified 
and then transcribed to a copy substrate using the method depicted 
in FIG* 4, for example. The sites on the mother substrate 13 may be 
formed also by using porous base material and filled with the DNA 
solution for PGR. Then, the DNA deposited on the mother substrate 
13 may be transcribed to a copy substrate by contact therebetween. 

FIG. 8 shows an apparatus for practicing the methods of the 
invention, wherein a temperature controllable constant temperature 
chamber 20 has contained therewithin a base 21 whereupon is disposed 
mother substrate 13; a frame 22 attached to base 21; a holder 23 for 
holding the copy substrate 12, and a drive system 24 for moving the 
holder 23 up and down. The drive system 24 is attached to frame 22. 
The mother substrate 13, which is a DNA chip, is positioned on the 
base 21 and the drive system 24 is actuated so that copy substrate 12 
held by holder 23 is pressurized and brought into close direct contact 
with the mother substrate 13. The drive system 24 is also capable of 
controlling the pressure. 

When transcription to the copy substrate 12 is completed, the 
drive system 24 is actuated to move up the holder 23 so that the copy 
substrate 12 is separated from the mother substrate 13 and then removed. 



The mother substrate is kept in place as it is. The amount of DNA 
solution consumed on the mother substrate side as a result of per- 
forming several transcription cycles is replenished by PGR ampli- 
fication wherein the temperature of the constant temperature cham- 
ber 20 is lowered and raised. When the PGR amplification is com- 
pleted, the temperature is reset to the predetermined level. By 
repeating the foregoing operation, it is possible to easily mass 
produce the DNA chips. 

It should be noted that the prior art method of producing DNA 
chips by moving a pin and pressing the pin on the glass slide is 
designed to simply deposit a DNA solution on the slide and leave 
the deposited DNA solution to dry in the ambient surrounding. This 
method results in a problem in that a long sized DNA molecule becomes 
entangled, as shown in FIG. 9, or the molecule extends horizontally 
to hide an area 32 necessary for hybridization. This problem is 
solved by the embodiment discussed below. 

First, the concept of the inventive method is explained with 
reference to FIGS. 10(A)-10(C). A pin 41, carrying a droplet of 
liquid containing DNA on its tip is pressed onto a glass slide 42 
from the back side thereof, as shown in FIG. 10(A). When the pin 41 
is removed, the droplet hangs down from the slide 42 due to gravity, 
as shown in FIG. 10(B). Then, the droplet settles in shape. 

As shown in FIG. 10(B), an electrode 43 is placed on one side 
of slide 42 and an electrode 44 is placed on the other side of the 
glass slide 42. Voltage is applied across the two electrodes so 
that a negative charge is supplied to the electrode 43 and a positive 
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charge is supplied to the electrode 44. Since the DNA is always 
electrified with a negative charge, each DNA molecule in the droplet 
extends toward the positive polarity as in the case of DNA electro- 
phoresis* If the droplet is left to dry naturally, the DNA molecule 
will solidify, as shown in FIG. 10(C), without becoming entangled or 
causing the hiding of the area for hybridization. Thus, a chip with 
the DNA molecule extending downward is formed, that is hanging down 
perpendicularly. 

FIG. 11 shows an apparatus to practice the method according to 
FIGS. 10(A)-10(C). In FIG. 11, a cleaning fluid unit 51, a solution 
unit 52 containing the DNA, a holder 53 which holds a glass slide 31, 
are arranged on the top of a frame 50. A pin holder 54 that holds a 
pin 41 is mounted on a stage 55 installed on the floor of the frame 

50 so that the holder has free, lateral movement. The pin holder 54 
can move the pin 41 up and down as desired. The cleaning fluid unit 

51 and solution unit 52 securely retain the cleaning fluid and solution, 
respective, and may comprise a sponge like material or means that 

take advantage of surface tension. Also, the electrodes 43 and 44 
are disposed on the top surface of slide 31 and bottom surface thereof, 
respectively, so that the voltage is applied thereacross as desired. 
Also, a drying means (not shown in FIG. 11) for drying the DNA solu- 
tion deposited on the slide 31 may be additionally disposed in the 
vicinity of the glass slide 31. 

It should be noted that the drive and control means for sliding 
the pin holder 54 laterally across the stage 55 and for moving the 

-7- 



pin 41 up and down, means for applying voltage across the electrodes 
43 and 44, and means for actuating the drying means can be provided 
using known methods and devices. 

The embodiment operates as follows. The pin 41 is lowered and 
the pin holder 54 is moved to a position directly under the cleaning 
fluid unit 51, The pin 41 is raised and the tip thereof is inserted 
into the cleaning fluid unit 51 and cleaned. The pin 41 is lowered 
again and the pin holder 54 is moved to a position directly under 
the solution unit 52* In this position, the pin 41 is raised to 
contact the contents of the solution unit 52 and a droplet of the 
solution is deposited on the tip of pin 41. After that, the pin 41 
is lowered and the pin holder 54 is moved to a position directly 
under the glass slide 31. The pin 41 is then raised and pressed 
onto the bottom surface of the slide 31. Then, the pin 41 is low- 
ered so that the tip thereof is lowered and the droplet is transferred 
onto the slide 31. Next, voltage is applied across the electrodes 
43 and 44 so that the DNA molecule stretches toward the positive 
electrode 43. As a result of actuating the drying means under the 
foregoing condition, the DNA molecule continues to hang down from 
the glass slide 31, as shown in FIG. 10(C). 

The instant invention is not limited to the embodiments above 
described. For example, a pin array comprising a plurality of pins 
may be used instead of a single pin. As an alternative, the cleaning 
fluid unit 51 and solution unit 52 may be located on the floor of 
frame 50 instead of on the ceiling thereof. Also, a washing chamber 
and a solution chamber (neither being shown in FIG. ll)may be used. 
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In that case, the upside-down pin must be reset to the normal position, 
i.e. pointed downward, for cleaning and solution deposition. Both 
the positioning of the pin to be upside down and the electrifying 
of the DNA chip are not always necessary, but either one of the 
two alone may suffice. Although a pin is used in the embodiment 
to place spots of DNA solution on the glass slide, the spots may be 
deposited using a printing method instead. 

Another alternative example involves applying voltage to the 
electrodes switched between the positive and negative polarities, 
as desired. With the switching, it is possible to untangle the DNA 
molecules. Moreover, in addition to the DNA the invention can be 
applied to RNA, protein and sugar chain molecules. Also, it is pos- 
sible to prevent a DNA molecule deposited on a substrate from becom- 
ing entangled, thereby allowing the molecule to hang down from the 
substrate. Hence, it is possible with the invention to easily pro- 
duce biochips in such a manner that the molecule does not hide the 
area necessary for hybridization. 

Another embodiment is depicted in FIG. 12 involving a plurality 
of capillaries with open ends arranged in an array in such a manner 
that the ends are flush with one another on the same plane. Differ- 
ent types of DNA solution are injected into the capillaries as 
desired. The array of capillaries is positioned face to face against 
a planar substrate and voltage is applied across the array and the 
substrate. Thus, a DNA solution in each capillary swells out of the 
bottom end thereof caused by the effects of electric fields. This 
causes droplets of DNA solution, each being on a picoliter scale, to 
be deposited on the substrate. Using such method, it is possible to 
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easily and quickly and inexpensively produce on a large scale DNA 
chips with uniform quality. 

in FIG. 12, a plurality of capillaries 61 are mounted on a 
capillary holder 62 in an array at the same interval of spacing. 
A DNA solution 65 is then injected into each capillary 61. The type 
of capillary used for this purpose has the inside diameter of dimen- 
sion d that prevents the DNA solution 65 from spilling out of the 
bottom of the capillary under normal conditions. A plurality of 
capillaries 61 are mounted vertically on the capillary holder 62 so 
that the bottom ends thereof are flush with one another on the same 
horizontal plane. A substrate 63 forms a structure of a DNA chip 
and a top surface thereof is formed to be planar. The substrate 63 
is arranged so that the surface is parallel with the bottom end of 
the capillary 61. Either the capillary holder 62 or the substrate 
63, or both, are disposed to be vertically mobile so that the gap 
between the bottom end of capillary 61 and substrate 63 can be 
varied as desired, A voltage source 64 is used to apply voltage 
across the capillary holder 62 and substrate 63. For example, a 
positive voltage level is applied to the substrate 63 and a negative 
voltage level is applied to the capillary holder 62. When voltage is 
appliad, electric fields act upon the DNA solution inside the capil- 
lary 61, thereby causing the DNA solution to swell below the bottom 
end of the capillary 61 toward the substrate 63. 

The apparatus of FIG. 12 is operated as follows. DNA segments 
(also called DNA solutions) are previously injected into a plurality 
of capillaries 61. Since capillary 61 is made of a sufficiently 
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thin tubing with an inside diameter d/ the solution will not overflow 
out of the bottom end of the capillary. This is because the surface 
tension of such thin tube surpasses (i.e. greater than) the gravita- 
tional force. The capillary holder 62 is brought close to the sub- 
strate 63 so that an appropriate gap is formed therebetween. Then, 
a suitable voltage is applied across the capillary holder 62 and the 
substrate 63. Hence, the DNA solution inside the capillary 61 swells 
below the bottom end of the capillary by the effects of the electric 
field, causing droplets of the DNA solution, each being on a picoliter 
scale, to be deposited on the substrate 63. After deposition, elec- 
trification is stopped and the capillary holder 62 is moved away from 
the substrate 63. 

At this point, the spacing P of the array of capillaries can be 
adjusted to match the spacing between the target sites (or cells) 
on a DNA chip so that the DNA solution is deposited on all of the 
sites at one time. With this method, it is possible to quickly de- 
posit volumetrically identical droplets of the DNA solution. This 
method also makes' it easy to pipette very small amounts of DNA solution. 

It should be noted that the inside diameter d of the capillary 
61 can be of any dimension provided it is smaller than spacing P. 
Also, each capillary 61 may be pressurized with air or other means 
from the side opposite to substrate 63, instead of applying voltage. 
Moreover, the positional relationship between substrate 63 and capi- 
llary 61 may be reversed vertically. Positioning substrate 63 above 
capillary 61 is advantageous in that the substrate 63 is less likely 
then to become contaminated with dust. 

Other alternatives are also possible to implement. For example 
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PCR may be applied within a capillary. This is advantageous in that 
the only task required is simply to replenish each capillary with 
a common, amplification purpose solution/ thus saving the cost of 
labor of supplying DNA solutions • Also, for temperature processing 
in the PCR it is possible to cycle the PCR process at higher speeds 
by means of an atmospheric temperature change or by heating using 
laser radiation. It should be noted that this invention is not lim- 
ited to DNA chips; it being possible to use the invention for biochips 
of RNA, protein or sugar chain molecules, etc. 

According to the invention, it is possible to deposite bio- 
molecules on a plurality of sites on a substrate, all at the same 
time, by applying electric fields or pneumatic pressure to an array 
of capillaries containing the biomolecules . This method is advan- 
tageous in that the biochips can be produced easily, quickly and with 
reliably identical volume of deposited biomolecules. Also, a small 
amount of biomolecular solution can be pipetted with ease. 

The foregoing is descriptive of the principles of the invention. 
Numerous extensions and modifications thereof would be readily appa- 
rent to the worker skilled in the art. All such extensions and modi- 
fications are to be considered to be within the spirit and scope of 
the invention. 
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WHAT IS CLAIMED IS: 

!• An apparatus for producing biochips/ comprising: 
means for amplifying a plurality of DNA molecules previously 
prepared on a mother substrate using a PGR method; and 

means for transcribing the amplified molecules to other sub- 
strates by direct contact vhile maintaining the positional rela- 
tionship of sites. 

2. The apparatus of claim 1/ wherein said means for amplifying 
comprises means for applying PGR on a first copy substrate or apply- 
ing PGR with said mother substrate coupled to said first copy sub- 
strate. 

3. The apparatus of claim 1, wherein said mother substrate and 
said other substrates are made of a porous material. 

4. The apparatus of claim 1, wherein said means for transcribing 
comprises means for pressurizing or heating said sites on said mother 
substrate from a backside thereof thereby to facilitate DNA trans- 
cribing to said other substrates. 

5. The apparatus of claim 1, comprising means for forming 
walls for separating said sites . 

6. The apparatus of claim 1, comprising means for shaping said 
mother substrate to be arched; and wherein said means for transcribing 
comprises means for rotating said mother substrate so that DNA is 
transcribed to other substrates. 

7. A method for producing biochips by arranging sites of DNA, 
RNA or protein in arrays on a substrate, wherein DNA/ RNA or protein 
chips are produced by using a process comprising at least one of 
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the following steps: 

depositing a solution containing DNA, RNA or protein onto said 
substrate from a backside thereof; and 

applying positive and negative voltages to an electrode on a 
side of said substrate and to an electrode on the side of said sub- 
strate onto which said ' solution is deposited • 

8. An apparatus for producing biochips by arranging sites of 
DNA, RNA or protein in arrays on a substrate, comprising at least 
one of the following: 

means for deposting a DNAr RNA or protein solution onto said 
substrate from a backside- thereof ; and 

means for applying positive and negative voltages to an electrode 
on a side of said substrate and to an electrode on the side of said 
substrate onto which said solution is deposited. 

9, The apparatus of claim 8, wherein said means for depositing 
comprises means for depositing said solution onto said substrate using 
a plurality of pins or an array of pins. 

10- The apparatus of claim 9, wherein said means for depositing 
comprises means for cleaning tips of said plurality of pins or pins in 
said array of pins; and means for depositing a solution containing 
mk, RMA or protein onto said tips, said plurality of pins and said 
pins in said array of pins being brought into contact with a cleaning 
fluid and said solution from either the backside or topside of said 
substrate r in the same manner as said solution being deposited onto 
said substrate. 
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11. A method for producing biochips by arranging biomolecules 
in arrays on a substrate, wherein said biomolecules are deposited 
onto the substrate using a capillary array comprising a plurality 
of capillaries arranged at the same spacing interval as that of 
sites on said substrate. 

12. The method of claim 11, wherein said biomolecules are de- 
posited by applying voltage across said capillary array and said 
substrate. 

13. The method of claim 11, wherein said biomolecules are de- 
posited by pressurizing each capillary of said capillary array. 

e-i 14. The method of claim 11, wherein DNA contained within said 

H capillary array is amplified within said capillaries thereof by 

m 

G polymerase chain reaction. 

15. The method of claim 14, wherein said polymerase chain 
reaction is performed by atmospheric temperature change or by heating 
with laser irradiation. 
1 16. An apparatus for producing biochips by arranging biomolecules 

in arrays on a substrate, said apparatus comprising: 

capillary holder means for supporting a plurality of capillaries 
arranged at a same spacing interval as that of sites on a biochip; 

means for adjusting a gap formed between said capillary holder 
means and said substrate by moving either said capillary holder means 
or said substrate, or both; and 

means for transferring biomolecules from said capillaries to 

said substrate. 

17. The apparatus of claim 16, wherein said means for trans- 
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f erring comprises: voltage source means for applying voltage across 
said capillary holder means and said substrate, so that biomolecules 
contained in said capillaries are deposited onto said substrate. 

18 • The apparatus of claim 16, wherein said means for trans- 
ferring comprises: means for pressurizing said capillaries so that 
biomolecules contained in said capillaries are deposited onto said 
substrate* 

19. The apparatus of claim 16, further comprising means for 
amplifying DMA in said capillaries by means of polymerase chain 
reaction . 

20. The apparatus of claim 17, further comprising means for 
amplifying DNA in said capillaries by means of polymerase chain 
reaction . 

21. The apparatus of claim 18, further comprising means for 
amplifying DNA in said capillaries by means for polymerase chain 
reaction. 

22. The apparatus of claim 19, wherein said means for amplify- 
ing comprises mean^ for providing said polymerase chain reaction by 
temperature processing. 

23. The apparatus of claim 20, wherein said means for amplify- 
ing comprises means for providing said polymerase chain reaction by 
temperature processing . 

24. The apparatus of claim 21, wherein said means for amplify- 
ing comprises means for providing said polymerase chain reaction by 
temperature processing. 

25. The apparatus of claim 16, comprising means for positioning 

said substrate above or below said capillaries. 
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26* The apparatus of claim 11, comprising means for positioning 
said substrate above or below said capillaries. 

27* The apparatus of claim 18, comprising means for position- 
ing said substrate above or below said capillaries* 

28. The apparatus of claim 19, comprising means for position- 
ing said substrate above or below said capillaries. 

29. The apparatus of claim 20, comprising means for position- 
ing said substrate above or below said capillaries. 

30. The apparatus of claim 21, comprising means for position- 
ing said substrate above or below said capillaries. 
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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for mass producing biochips quickly 
and easily/ wherein a plurality of DNA molecules are amplified 
using a PGR (polymerase chain reaction) method and transcribing 
the amplified DNA molecule to other substrates by contact. 
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(Al^iication Number) (Filing Date) 



(i^lication Number) (Filir^ Date) 

I Mdreby claim the benefit under Titie 35, United States Code, § 120 of any United States appHcation(s) listed below and, insofar as the subject 
nisAter of each of the claims of this apphcation is not disclosed in the prior United States apphcation in the manner provided by the first 
paragraph of Titie 35, United States Code, § 112, 1 acknowledge the duty to disclose information which is material to patentabifity as defined in 
iitle 37, Code of Federal Regulations, § 1.56 which became available between the fihng date of the prior apphcation and the national or PCT 
I&mational filing date of this apphcation. 



(Application Nmnber) (Filing Date) (Status ... patented, pending abandoned) 



(4#lication Number) (Filing Date) (Status ... patented, pending, abandoned) 

I hereby appoint the following attomey(s) and/or agent(s) to prosecute this apphcation and to transact aU business in the Patent and Trademark 

Office connected therewith: 

MOONRAYKOJIMA reg. no. 19.785 

Address aH telephone calls to Moonray "Kn jima at telephone numbe r 413-458-2880 

Address aU correspondence to MOONRAY KQ JDVLA 

BOX 627 



WTT,T.TAMflTOWN. MASS 01267 



I hereby declare that aU statements made herein of my own knowledge are true and that all statements made on information and behef are 
beheved to be true; and further that these statements were made with the knowledge that willful Mse statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Titie 18 of the United States Code and that such wiUftil false statements may 
jeopardize the vaHdity of the apphcation or any patent issued thereon. 

FuU name of sole or first inventor feiven name, family name) Takeo TANAAMI 

Inventor*s stature "^^^^e^^ Date 9fi .Tn 1 y :?non 

Residence Tokyo , Japan Citizenship Japan 



Post Of&ce Address 9-32-2, Nakacho, Musashinoshi / Tokyo, Japan 



Full name of second joint inventor (given name, family name) 

Inventor's signature Date 

Residence Citizenship 

Post Of&ce Address 



□ Additional inventors are being named on separately nimibered sheets attached hereto. 



